**What is already known**

Sepsis affects a large proportion of the critically ill population and is associated with considerable morbidity and mortality. No effective specific anti-sepsis treatments are commercially available and management relies on administration of antibiotics, source control measures, effective resuscitation strategies, and organ support.

**What is new in the current study**

Increased awareness of sepsis and the importance of early treatment has helped to reduce mortality rates from sepsis in recent years. Use of protocols may be helpful in hospitals where usual care is substandard or in units that are less familiar with the latest recommendations for sepsis management. Use of dedicated teams to care for patients with sepsis will help optimize early management.

INTRODUCTION
============

Sepsis is defined as a severe infection with some degree of associated organ dysfunction \[[@b1-ceem-14-005]\] and affects a large proportion of the critically ill population. Survival rates for patients with sepsis have increased over the last decade \[[@b2-ceem-14-005]\], largely related to improvements in intensive care in general rather than to any specific advance in sepsis therapies. Nevertheless, mortality rates remain at least 20% in patients with septic shock and, despite multiple studies and potential candidates over the years, no effective specific anti-sepsis treatments are commercially available. In recent years, it has become clear that perhaps the most important aspect of the management of patients with sepsis is early recognition so that administration of antibiotics, source control measures and effective resuscitation strategies can be started as soon as possible after onset. Early management with adequate antimicrobials and rapid resuscitation to restore and stabilize hemodynamic status has been shown to be associated with improved outcomes \[[@b3-ceem-14-005],[@b4-ceem-14-005]\], so that every attempt should be made to diagnose sepsis as soon as possible. However, diagnosis of sepsis is not always easy, especially in critically ill patients with other conditions and signs and symptoms that can mimic severe infection. Most signs and variables that are known to be associated with sepsis (e.g., fever, tachycardia, and tachypnea) are not specific for sepsis, but their presence can alert the physician to a possible diagnosis and encourage further investigations. Other factors, including raised biomarker levels, e.g., C-reactive protein and/or procalcitonin, X-ray images suggesting infection, presence of unexplained organ dysfunction, can all add up to increase the likelihood of a sepsis diagnosis.

Once a diagnosis is established, appropriate management is a priority and timing becomes crucial. The management of septic shock can be considered in four phases according to the salvage, optimization, stabilization, de-escalation (SOSD) mnemonic \[[@b5-ceem-14-005]\]. In this review, we will concentrate on some key aspects of the early, salvage and optimization phases of sepsis management.

EARLY SOURCE CONTROL AND ANTIMICROBIAL THERAPY
==============================================

Any approach to treatment of patients with sepsis will be ineffective if the underlying infectious cause is not eliminated. Once a diagnosis of sepsis is suspected, a thorough search for the likely source must be conducted, remembering the big 5 common culprits: lungs, abdomen, urine, wounds, and indwelling devices (especially catheters in hospitalized patients). Clinical signs and symptoms, appropriate microbiological cultures, and relevant imaging techniques must be used to try and determine where the infection is sited. Eradication of the source then involves not only adequate antimicrobial agents but also removal of any focus of infection, including iatrogenic causes such as drains or intravascular catheters. Surgical intervention may be necessary in some cases, e.g., if the infection is the result of a perforated diverticulum or an intra-abdominal abscess not amenable to percutaneous drainage.

Adequate antibiotic medication must be started as soon as possible---the Surviving Sepsis Campaign (SSC) guidelines recommend (grade 1B) that antimicrobials be started within 1 hour of diagnosis in patients with septic shock \[[@b6-ceem-14-005]\]. Antimicrobial treatment should not be delayed while waiting for cultures to be taken, although when possible to perform rapidly, relevant cultures (e.g., blood, urine, and sputum) should ideally be collected before antibiotics are started.

Importantly, although early antibiotic therapy is crucial to optimize chances of survival \[[@b4-ceem-14-005]\], it will only be effective if the chosen antimicrobials are appropriate to the infection in question, i.e., the infecting microorganism is sensitive to the antibiotic given. The importance of initial appropriate antibiotics has been reported in multiple studies, being associated with improved survival rates compared to initial inappropriate antibiotics \[[@b7-ceem-14-005],[@b8-ceem-14-005]\]. Culture results generally take several days to become available, so it is usually necessary to start broad-spectrum empiric therapy that will cover all likely organisms, based on likely source of infection, local microbiological flora and resistance patterns, recent antimicrobial therapy, and healthcare facility exposure status. Combination empirical antimicrobial treatment has been shown to be associated with better outcomes than single-agent therapy in observational studies \[[@b9-ceem-14-005],[@b10-ceem-14-005]\], but randomized controlled trials are needed to confirm these findings. Once culture results are available, the choice of antibiotics should be re-evaluated and de-escalation of antimicrobial treatment to a narrower spectrum should be performed whenever possible. This approach will optimize treatment efficacy, limit toxicity, help prevent development of resistance and reduce costs \[[@b11-ceem-14-005]\]. Nevertheless, de-escalation may not be possible in all patients and will be dependent on the initial choice of empiric antibiotics and the culture results when they become available. In as many as 30% of patients culture results will be negative \[[@b12-ceem-14-005],[@b13-ceem-14-005]\] and many physicians will then prefer to continue broad-spectrum coverage. One study in an intensive care unit (ICU) with good collaboration between intensivists and infectious disease specialists reported that de-escalation was possible in only 43% of cases; however in only 5% was the chance to de-escalate missed, in all other cases there was a sound reason not to narrow the spectrum \[[@b14-ceem-14-005]\].

Adequate antimicrobial therapy refers not only to the appropriateness in terms of spectrum of cover, but also to the sufficient dose, route and duration of therapy. Antibiotics are typically given intravenously for 7 to 10 days but longer courses may be indicated in patients with slow clinical response, an undrainable focus of infection, for some fungal and viral infections, or in patients with immunologic deficiencies, including neutropenia (SSC guidelines grade 2C) \[[@b6-ceem-14-005]\]. The use of biomarkers, notably procalcitonin, to guide antimicrobial therapy has been associated with reduced antimicrobial exposure and shorter lengths of ICU stay \[[@b15-ceem-14-005]-[@b17-ceem-14-005]\] but not with improved survival and some studies have even suggested that this approach could be harmful. Further \[[@b18-ceem-14-005],[@b19-ceem-14-005]\] further studies are needed to evaluate how these biomarkers could be used to help clinical decision making.

The recommended doses for many of the antibiotics used in patients with sepsis are derived from non-critically ill patients or healthy volunteers. Yet, the pharmacodynamics and kinetics of many antimicrobials will be altered in critically ill patients such that general recommended doses may be inadequate \[[@b20-ceem-14-005]\]. In addition, organ dysfunction, particularly renal, and therapies, such as hemodialysis/hemofiltration, can also influence antimicrobial distribution and clearance, necessitating dose adaptation. Several studies have now been published investigating these issues in patients with sepsis \[[@b21-ceem-14-005],[@b22-ceem-14-005]\] but until precise dose recommendations can be made in specific situations, doses should be adapted to the individual patient to ensure that coverage is adequate. Where available, daily monitoring of antimicrobial levels can help in the attainment of therapeutic concentrations \[[@b23-ceem-14-005]-[@b25-ceem-14-005]\].

HEMODYNAMIC STABILIZATION AND EARLY GOAL-DIRECTED THERAPY
=========================================================

In 2001, Rivers et al. \[[@b3-ceem-14-005]\] published the results of a single-center study showing that early goal-directed therapy (EGDT) guided by central-venous oxygen saturation (ScvO~2~) monitoring was associated with reduced mortality rates in emergency department patients with severe sepsis or septic shock compared to standard management. In addition to predefined central venous pressure and arterial pressure levels, the EGDT strategy consisted of a 6-hour protocol titrating intravenous fluids, inotropes and packed red-cell transfusion to maintain Scv0~2~ above 70%. However, the single-center nature of the study, concerns about possible lack of adequate management in the control arm, and debate about the specific components included in the protocol led some to question its relevance to all patients with severe sepsis. Moreover, standard patient management has altered since 2001, for example in terms of tighter blood glucose targets, use of lower tidal volumes, and lower blood transfusion triggers. Several multicenter randomized controlled trials were therefore conceived to assess the importance of the different components and the EGDT concept in general. The results of the first of these studies have now been published. The Protocolized Care for Early Septic Shock (PRoCESS) study in 31 emergency departments across the USA compared two protocolized groups (a Rivers-like EGDT protocol group and a protocol-based standard therapy group who were managed without placement of a central venous catheter, administration of inotropes, or blood transfusions) with a usual treatment arm \[[@b26-ceem-14-005]\]. The results showed that protocol-based resuscitation of emergency department patients with septic shock was not associated with improved outcomes compared to usual care. Importantly, all the patients in the three arms had septic shock diagnosed early and received antibiotics and other non-resuscitation aspects of care promptly; moreover, all three groups of patients received aggressive fluid resuscitation prior to randomization and the ScvO~2~ was already within targets in most patients at randomization. These results suggest that the most important aspects of care are early diagnosis and rapid effective fluid resuscitation and antimicrobial therapy.

When considering the early phase of shock treatment, the VIP (ventilation, infusion, and pump) mnemonic proposed by Weil and Shubin \[[@b27-ceem-14-005]\] remains a useful guide. All patients with septic shock must be adequately oxygenated to correct hypoxemia. Endotracheal intubation and mechanical ventilation will be needed in severe cases; non-invasive ventilation is not recommended. Hypovolemia needs to be corrected rapidly. Which fluid should be used in sepsis has been debated at length, but the quantity is more important than the type. Current guidelines recommend use of crystalloids as the first choice fluid for resuscitation (grade 1B) and albumin is suggested when large amounts of crystalloids are required (grade 2C) \[[@b6-ceem-14-005]\]. Hydroxyethyl starch solutions are no longer recommended in sepsis. The amount of fluid administered will depend on the phase of shock \[[@b5-ceem-14-005]\], but in the early, salvage (S) phase, fluid administration should be generous; the SSC guidelines recommend starting with a fixed amount of about 30 mL/kg \[[@b6-ceem-14-005]\]. Vasoactive agents are also often required and are frequently started during fluid administration to help avoid prolonged hypotension, which can impair tissue perfusion. Norepinephrine is the vasopressor of choice (grade 1B) because dopamine has been associated with increased adverse effects in patients with shock and higher mortality rates than norepinephrine in patients with septic shock \[[@b28-ceem-14-005],[@b29-ceem-14-005]\]. Low doses of dobutamine (about 5 mcg/kg/min) are often added to norepinephrine to increase cardiac output by its positive inotropic effects. As suggested by the PRoCESS trial, invasive monitoring to guide therapy is not necessary in all patients with septic shock. Monitoring changes in blood lactate levels can provide a good indication of the effectiveness of the resuscitation \[[@b30-ceem-14-005]\].

THE SEPSIS TEAM
===============

Despite increased awareness of the importance of early diagnosis and rapid appropriate treatment of patients with severe sepsis, many patients still do not receive acceptable early management. One of the reasons for this shortfall is that patients with sepsis are highly complex, often with multiple comorbidities and rapidly changing hemodynamics. The management of such patients involves multiple elements, including insertion of intravenous/arterial lines and setting up of hemodynamic monitoring systems, blood sampling for cultures and laboratory testing, administration of antibiotics, fluid resuscitation, and administration of vasoactive agents for cardiovascular support, all of which need to be started as soon as possible. The only realistic way of being able to simultaneously perform all the necessary tests and start the appropriate treatments is for initial management and stabilization to be organized by a 'sepsis team.' Similar to the trauma teams now widely established for the management of patients with severe trauma and crash teams for patients with in-hospital cardiorespiratory arrest, patients with severe sepsis can be better managed by a team that includes several doctors and nurses as a minimum, but also possibly an infectious diseases specialist, radiographers, phlebotomist, pharmacist, and surgeon, depending on local resources. In such teams, each member will have their own predefined role to insure that all the essential aspects of initial management are covered. One member of the team would be clearly identified as the leader to direct and coordinate the overall management process. The 'sepsis team' should be available 24/7. In our hospital, we have a dedicated 'shock room' rather than a mobile sepsis team, which is staffed permanently by a team of nurses and doctors trained in shock management, including septic shock, and is equipped with all the necessary monitoring devices, intravascular lines and phlebotomy equipment, a ventilator ready for use, and essential intravenous solutions and drugs \[[@b31-ceem-14-005]\].

Increasing numbers of hospitals are now developing code sepsis teams and studies support the positive impact of this approach on patient outcomes \[[@b32-ceem-14-005],[@b33-ceem-14-005]\].

CONCLUSION
==========

Increased awareness of sepsis and an emphasis on the importance of early treatment has helped to improve survival rates in recent years, but a continued focus on early source control with adequate antibiotics and rapid resuscitation and hemodynamic stabilization must be maintained if outcomes are to improve further. Use of protocols per se does not improve survival in patients with septic shock, but this approach may be of use in hospitals where usual care is substandard or in units that are less familiar with the latest recommendations for sepsis management. Use of dedicated teams to care for patients with sepsis will help optimize early management.
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